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Background. The predilection of the left atrial appendage (LAA) for thrombus formation has long been known.
Methods and Results. We prospectively studied the two-dimensional echocardiographic and Doppler patterns of LAA function in 82 patients by transesophageal echocardiography. In the 63 patients in sinus rhythm, LAA area was measured during LAA diastole at the onset of the electrocardiographic (ECG) P wave (LAAmax) and after LAA systole at the ECG R wave (LAAin) and LAA ejection fraction was calculated as (LAA,,ax-LAAmin)/LAAmax; peak Doppler velocity was recorded from the LAA outlet. The 58 patients in sinus rhythm without LAA thrombus were grouped according to left atrial size on transthoracic echocardiography; 39 patients had a left atrial size of less than 40 mm (group 1) and 19 had a left atrial size of 40 mm or greater (group 2). Five patients in sinus rhythm had LAA thrombus. In the 19 patients with atrial fibrillation or flutter LAAmAX was measured independent of the ECG; three of these patients had LAA spontaneous contrast, four had thrombus, and one had both. Patients in sinus rhythm without LAA thrombus demonstrated a characteristic pattern of a contractile LAA apex and a noncontractile base with color flow and pulsed Doppler evidence of LAA emptying that coincided with the P wave. Patients in sinus rhythm with LAA thrombus had a mean±SD LAAmax (8.0±1.5 cm2) larger than that in group 1 (5.0±1.9 cm2) (p<0.01) but not group 2 (6.7 +3.1 cm2), LAA.i. (6.5+ 1.0 cm2) larger than that in both group 1 (2.3+ 1.5 cm2) and group 2 (4.2±2.7 cm2) (p<0.01), and LAA ejection fraction (17±11%) and LAA velocity (0.24±0.10 m/sec) less than those in both group 1 (55±21% and 0.48±0.24 m/sec, respectively) and group 2 (45+±27% and 0.46±0.24 m/sec, respectively) (p<0.01). Patients with atrial fibrillation or flutter with LAA spontaneous contrast and/or thrombus had LAAmax (10.4±t6.6 cm2) greater than that in patients with atrial fibrillation or flutter without LAA contrast and/or thrombus (6.8+±3.0 cm2) (p<0.05). The LAA appeared as a static pouch in seven of eight of the former compared with in two of The pathogenesis of LAA thrombus has not been specifically studied. It is assumed that thrombus within the body of the left atrium arises from stagnation of the blood secondary to dilatation of the left atrium or poor contraction. There are two potential anatomic reasons for predisposition to thrombus formation in the LAA. First, the LAA is a long, narrow chamber with a narrow tip or apex. 10 Second, the inner surface of the LAA is marked by muscular ridges.1 ( The purpose of this study was to examine the appearance and function of the LAA in health and in various cardiac disease states to elucidate the cause of LAA thrombus formation.
Methods Patients
Over 6 months, 118 patients had TEE performed; 82 had visualization of the LAA adequate to permit detailed measurements. Primary indications for TEE were prosthetic valve evaluation (40%), stroke (24%), congenital heart disease (11%), endocarditis (11%), and miscellaneous (12%). The patients' age range was 22-78 years; there were 40 men and 42 women.
Echocardiography
TEE was performed using an ATL Ultramark 9 device (Bothell, Wash.) with a single-plane probe In the 19 patients with atrial dysrhythmias (atrial fibrillation in 17, atrial flutter in two) the maximum area of the LAA was obtained independent of the ECG, representing the mean of two or three cardiac cycles. Where possible, a minimum LAA area was also determined by planimetry and pulsed Doppler interrogation of the LAA outlet was performed. These measurements were taken from the videotape after completion of the study using the same guidelines as for patients in sinus rhythm.
Five patients in sinus rhythm exhibited LAA thrombus, and three of them also had LAA spontaneous contrast. Eight patients with atrial dysrhythmias exhibited LAA spontaneous contrast (three), LAA thrombus (four), or both (one). There were two characteristic locations of LAA thrombus ( Figure 3 ): at the LAA apex either alone or with extension into the body of the LAA (three patients in sinus rhythm, two with atrial dysrhythmia) or attached to the lateral LAA wall (two patients in sinus rhythm, three with atrial dysrhythmia).
Statistical Methods
Groups were compared using the two-tailed unpaired t test. Values are given as mean±SD in the text.
Results

Sinus Rhythm
In sinus rhythm, the LAA demonstrated a characteristic pattern of emptying. The apex of the LAA was highly contractile and would usually obliterate, whereas the base or neck of the LAA, which accounts for approximately 30-50% of the length of the LAA, was relatively noncontractile. A definite pulsed Figure 3 ; this patient demonstrated a low-velocity outflow as in Figure 8 . 
Discussion
The trabecular LAA is a remnant of the original embryonic left atrium that develops during the third week of gestation.12 The main smooth-walled left atrial cavity develops later and is formed from an outgrowth of the pulmonary veins. The function of the LAA is unknown, and little work has been performed recently. In studies performed more than 50 years ago,13 it was speculated that the atrial appendages fill the space that is created within the pericardial sac during ventricular systole as the ventricles eject blood and decrease in size. The appendages passively fill during ventricular systole and then passively empty during ventricular diastole. We saw this phenomenon in 10 patients with atrial dysrhythmia. While the contractile nature of the LAA is common surgical knowledge (G.F.O. Tyers, personal communication), there have been no previous angiographic or detailed echocardiographic studies of the precise timing and extent of the contraction. One case report14 of a herniated giant LAA describes vigorous LAA contraction during which the "distal tip would flip in an arch of approximately 3 inches with each systole." The timing with the ECG was not reported.
The results of this current study confirm these previous physiological theories, surgical findings, and a recent case report'5 and suggest that, in sinus rhythm, the LAA is a highly contractile muscular sac that obliterates its apex during atrial systole. We In patients with atrial fibrillation or flutter with LAA contrast and/or thrombus, the LAA invariably behaved as a static pouch. The LAA was larger in these patients than in those without contrast or thrombus (10.4 versus 6.8 cm2, p<0.01), although there was substantial overlap. These findings on LAA size and function may have particular relevance with reference to the recently published reports on atrial fibrillation and stroke. In those studies, the risk of atrial fibrillation producing stroke and the decrease in stroke risk from warfarin is evident.'6"7 No highrisk atrial fibrillation group (e.g., based on increased left atrial size), however, has been identified.'s The results of this current prospective study suggest that the contraction pattern and size of the atrial appendage may be a risk factor in producing LAA thrombus in patients with atrial fibrillation, just as in patients in sinus rhythm.
Measurement of the LAA is prone to observer variability, as demonstrated in the reproducibility study. This, in part, likely reflects the irregularity of the LAA cavity, the arbitrary definition of the upper border with the left atrium, and some interbeat variability. Maintaining the same landmarks of the left atrial cavity for LAAm,X and LAAm,n should help to make the measurements as accurate as possible. Also, the simultaneous use of pulsed Doppler and color flow imaging can ensure that the LAA pattern represents contraction and not translocation of the LAA during the cardiac cycle. In conclusion, this study confirms an earlier case report15 that the LAA is a highly contractile pump with a pattern of contraction quite distinct from that of the main body of the left atrium. LAA thrombus formation is associated with decreased LAA contraction as well as with LAA dilatation. Our observations suggest that a severely hypokinetic LAA, usually also associated with an enlarged LAA, would predispose to thrombus formation just as left ventricular aneurysm predisposes to thrombus formation. An alternative explanation for this association is that the presence of thrombus could physically impede LAA contraction. This would seem a less likely explanation because the thrombus is usually not large enough to account for the LAA hypokinesis. We therefore conclude that it is not only the distinct anatomy, but also the peculiar physiology, of the LAA that lends itself in disease to a predilection to the formation of thrombus.
